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Introduction
The last half century has witnessed an explosion of theoretical and empirical research on corporate savings and, more recently, on how investment and cash holdings of corporations change with additional earnings Almeida, Campello and Weisbach (2004) , Fazzari, Hubbard and Petersen (1987) , Kaplan and Zingales (1997) . In this paper we explore this behavior within what is usually a black box: the affiliates of commodity multinationals operating abroad. This type of corporation could be very important for emerging and less developed economies. In fact, for some commoditydependent economies retained earnings of multinationals could be among the largest sources of new FDI.
2 Our goal is to understand how much of the additional cash flow is stockpiled and how much is invested. We follow the literature, focusing on the most financially constrained firms. Overall, we center our attention on cash holdings not only because of their major increase during the recent commodity boom (when the share of cash holdings in balance sheet assets tripled), but also because many casual analyses assume that corporate savings of multinationals end up always as current investment, given that they are called foreign direct investment in the Balance of Payments. We show, however, that a relevant fraction stays in cash.
To explore this question we built a panel of non-publicly traded copper mining companies, almost all of them subsidiaries or affiliates of MNCs operating in Chile and Peru between 2001 and 2012. We focus on this industry because there is relevant time to build for new investments and particularly because there is a plausible way to isolate a transitory cash flow shock from a shock to longer-term profitability. Current profits depend on the spot price of copper, while investment may depend on the expectations of future prices. The period under study had the particularity of having relevant differences between long and short-run prices, which we use to identify the effects of transitory cash flow shocks.
Our preferred specifications show that for financially constrained firms around 20-50 cents of every extra dollar of cash flow end up as extra cash holdings, with the cash flow sensitivity of investment being usually smaller and much less robust. Overall, the reported evidence is consistent with corporate cash flow stockpiling as an option value for future investment due to both technological and tax-induced inaction zones. 2 In Chile, for example, MNCs' savings are as important as the savings made by all domestic corporations, as shown in a contemporary paper by the same authors. According to the Global Investment Report UNCTAD (2013), multinationals' corporate savings around the world amount to about half a trillion dollars. Roughly speaking, one out of three dollars of MNCs' corporate income represents retained earnings, which are are used either as investment in fixed assets or to expand net cash holdings. A country hosting FDI could have many natural questions about MNCs' use of funds. For example, if the host country is considering a temporary increase in corporate taxes, therefore reducing MNCs' cash-flows, it is important to know whether all positive NPV projects will be undertaken anyway, using additional external funds, or in contrast, whether the shortage of internal liquidity could prevent some good projects from happening. In those discussions, understanding the propensity of corporations to save as well as the allocation of those savings seems essential. This paper is related to several branches of the literature. For the case of MNCs, the focus has been on understanding why these companies keep so much cash in their subsidiaries abroad rather than centralizing all of its management as suggested by basic Multinational Finance textbooks. Foley, Hartzell, Titman and Twite (2007) argue that this is due to tax considerations, especially repatriation taxes. Campbell, Dhaliwal, Krull and Schwab (2014) argue that transaction costs, precautionary motives and MNCs' ability to raise external funds also help to explain this pattern. 3 We are different from the above studies in the sense of attempting a causal identification of transitory corporate profits on cash holdings. Like other Finance scholars we sacrifice the generalizability of the results in order to explore a specific context in which a phenomenon is feasible to measure or easier to identify (e.g., Blanchard, Lopez-de Silanes and Shleifer (1994) ; Tufano (1996) ). Our case configures a useful laboratory for social science, keeping keeping in mind that the instrumented effects are only local for those who changed behavior due to the cash flow shock in this context, or what Imbens and Angrist (1994) called compliers.
Clearly, beyond multinationals, there is a large literature measuring the so called cash flow sensitivity of investment and cash flow sensitivity of cash holdings. The former started with the seminal work of Fazzari et al. (1987) , and shows that financially constrained firms are sensitive to cash flow. For these firms the internal cost of funding is lower than the external one. The latter branches from the work of Almeida et al. (2004) , who propose a model of demand for liquidity based on the idea that firms anticipating future financing constraints decide to hold more cash today at the cost of reducing some current investment opportunities. Thus firms hold cash, balancing the profitability of current and future investments. Gatchev, Pulvino and Tarhan (2010) and Dasgupta, Noe and Wang (2011) explore how cash flows are dynamically allocated to investment, cash holdings, dividends or debt payments, for a large sample of U.S. firms. Both show that an important share of the new cash flow ends up as extra cash, especially for financially constrained firms. Our findings of cash holdings being very sensitive to cash flows, more robustly so than investment's sensitivity, coincide with their work. Within this cash flow sensitivity literature we seek to contribute to the much less extensive set of papers that are identified with a strategy beyond lags and other covariates. Blanchard et al. (1994) explore 11 event studies in which companies 3 Our paper also relates to the general literature exploring the management of liquidity by corporations. Almeida, Campello, Cunha and Weisbach (2013) propose a framework of forward-looking corporations in which the main determinants of the management of liquidity are the financial constraints they face and the desire for efficient financing for future investment. Other studies focus on different mechanisms and more specific contexts. Bates, Kahle and Stulz (2009) study why U.S. firms hold so much cash, arguing that this is due to cash flow riskiness. Horioka and Terada-Hagiwara (2013) study the determinants of cash holdings in Asia. Campello, Graham and Harvey (2010) and Campello, Giambona, Graham and Harvey (2011) , document the interaction between internal funds, external funds and real decisions during the recent 2008-2009 financial crisis, concluding that firms do use cash instead of external funds, and that firms substitute cash savings for investments in a sample of developed countries.
were awarded a cash windfall after a judicial procedure. Lamont (1997) explores internal capital markets of conglomerates (multi-segment firms) that include an oil company, looking at the oil price drop in 1986. He finds that non-oil companies in these conglomerates had a sharp drop in investment. 4 Looking at a much broader sample, Rauh (2006) exploits the cash flow shocks induced by unpredicted returns of corporate pension plans for employees, which if too small need to be compensated by the company. He finds that companies facing bad returns in their employee pension portfolio face significant drops in investment. In our results, given lumpiness and time to build in new mining operations, it is surprising that the response of investment to transitory earnings is more difficult to measure than that on cash holdings.
5
The rest of the paper is structured as follows. Section 2 describes a simple theoretical framework. Section 3 explains the institutional context of taxation and industry attributes that creates a so-called inaction zone in which firms may want to stockpile cash. Section 4 explains how we built our dataset, describing its main patterns. Section 5 is the center of our paper, estimating cash flow sensitivities of investment and cash holdings, while Section 6 performs a series of robustness checks. Finally, Section 7 concludes with some remarks.
Theoretical Framework
While the contribution of this paper is essentially empirical, in order to even attempt identification, we show a very stylized framework that helps us outline our empirical strategy. This theoretical framework is a reduced-form adaptation of Almeida et al. (2004) , who explore the inter-temporal decision of corporations to save in cash holdings. This is a suitable starting point given time to build. In their model financially constrained firms choose their optimal stock of cash holdings h * as a result of a trade-off between the marginal cost of hoarding an extra unit of cash C (h t ) and the 4 In the last decade various studies have used movements in the main export commodities of a country as a shifter for its exchange rate (e.g., Cashin, Céspedes and Sahay (2004) , Chen and Rogoff (2003) , Chen, Rogoff and Rossi (2010) ). 5 Andrén and Jankensgård (2015) also use a relatively smaller sample of firms to study how commodity price changes impact funding, in their case in the gas and oil industry. They find that financially constrained firms reduce their investment sensitivity to earnings when commodity prices jumped. There are, nonetheless, significant differences with their approach. First, we study the sensitivity of both investment and cash holdings to changes in earnings. Second, we focus only on liquidity movements that were plausibly unrelated to long-term profitability. Those authors argue that they identify a shift in liquidity, not only because of earnings but also because the assets of the company became more valuable after the commodity boom, which allowed them to take extra debt. Unfortunately, that shock to liquidity is by construction correlated with the expectation of future investment opportunities (the demand for funding), so both the supply and demand for funds within firms are moving, which does not allow for identification of the effect of funding. Moreover, they only report changes in cash flow sensitivity. A third and related difference of our paper is that we explicitly use an instrumental variables approach to identify the liquidity shock and separate it from long-term profitability.
We are also close to Hovakimian (2009) , who looks for the determinants of investment cash flow sensitivity of cash. Again, our innovation vis-a-vis these papers is the interest in causality, particularly in regard to cash holding rather than investment. Carter, Rogers and Simkins (2006) also use a relatively small panel, but in the airline industry, to explore how hedging impacts a company's value after oil price changes. marginal benefit of doing so B (h t ). The cost of cash today is essentially the opportunity cost of not undertaking a positive NPV current project, which without loss of generality could also be investing outside the firm. In contrast, the benefit of increasing savings of cash within the firm is determined by the option of investing in the future, plus some basic liquidity needs. Adapting the framework of Almeida et al. (2004) 6 we find that at the optimum the familiar condition of marginal costs and benefits equalize:
where X C and X B are variables that shift the marginal cost and benefit curves above. A crucial distinction is that for financially constrained firms the marginal cost is the internal marginal cost of resources C int (h t , X C ). In contrast, for unconstrained firms the marginal cost is simply equal to the marginal cost of external funds, namely C (h t , X C ) = r External . Figure 1 depicts the graphical solution for optimal cash holdings, showing the effect of an exogenous and transitory increase in cash flow, which shifts the marginal cost of internal funds to the right without moving the benefits of investment.
In preparation for our empirical exercise in Section 5 a few considerations are in order. First, it is important to note that the marginal benefit curve of holding cash B (h t , X B ) does in fact move when there is a shift in future investment opportunities (for example due to an increase in the expected long-run price P LR t ∈ X B ), but only for financially constrained firms. In contrast, for financially unconstrained firms the same shift in investment opportunities does not translate into a shift in marginal benefit of holding cash B (h), since resources for this future investment could be financed externally in the future, so there is no additional investment option value of stockpiling cash today.
There is an important distinction between a transitory and a permanent (long-run) price change. As mentioned, the shift in transitory cash flows shifts only the cost curve C (.) to the right, while ceteris paribus the benefits of holding cash B (.) do not move, predicting an increase in cash holdings. In contrast, a change in the long-run price of copper moves both the marginal cost and marginal benefits of holding cash, and they could even move in different directions. In particular, for financially constrained firms there is an increase in the value of investing cash holdings today (even if those investments will not pay off soon, due to time-to-build). This shifts the marginal cost curve C (.) to the left by more than what the benefit of holding cash B (.) moves to the right. In that case the framework would predict that a jump in the expected long-run price of the commodity is associated with a reduction in cash holdings, not an increase. This is important at the time of interpreting the effect of a jump in the permanent long-run price on cash holdings, which could go in the opposite direction than the well-known effect of long-term profitability on investment, which 
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Note: Each plot depicts the internal capital market of each firm regarding the costs and benefits of holding additional cash in its balance sheet h when there is a positive shock to cash flows CF t ,which implies a shift to the right of the marginal cost of cash holdings C (h). For constrained firms there is a positive cash-flow sensitivity of cash holdings, because optimal cash flows h * increase with an exogenous CF t shock. In contrast, for financially unconstrained firms the relevant decision is always mediated by the intersection of the marginal benefit of holding cash and the marginal cost of obtaining cash from external sources r External , not internal sources. The intersection of these two curves does not change when there is a shift in the internal marginal cost of cash C int (h). It is important to note that the marginal benefit curve of holding cash does move when there is a shift in future investment opportunities, but only for constrained firms. In our empirical setting we aim to control for such opportunities using the long-run price of the commodity, which helps to keep the marginal benefit curve B (h) constant. For unconstrained firms a jump in long-run fundamentals does indeed move the future demand for investment, but unlike for constrained firms, for unconstrained firms that does not translate into a shift in marginal benefit of holding cash B (h), since resources could be financed externally so there is no additional investment option value of stockpiling cash, which is what determines B (h).
is always positive. We do not discuss a specific framework for investment's sensitivity to current earnings, since it is already well treated in the literature, but it can also be represented as supply and demand of funds within the firm. It is important to remark, though, that an increase in long-term price generates more investment today, which increases the opportunity cost of holding cash and therefore reduces optimal cash holdings today. This discussion is just to frame the interpretation of the long-run price coefficient's sign on the regressions explaining investment (+) and cash savings (-). These signs are important for the consistency of our empirical work, but they are not our main coefficient of interest, since we focus on the transitory component of cash rather than long-run profitability.
In our empirical setting we control for shifts in future investment opportunities using the long-run price of the commodity, which helps us keep the marginal benefit curve B (h) constant, allowing us to identify the effect of one dollar of extra cash today, not a permanently higher prof-itability.
Given the simple model above, the testable prediction is as follows: Financially constrained firms display a positive cash flow sensitivity to cash holdings.
7 Having established our testable propositions from this very stylized framework, we now turn to a description of the institutional and technological context in which these firms operate.
Institutional and Technological Context
In this section we briefly describe the institutional context and the attributes that make it useful for our identification strategy. Chile is a very open country for foreign investors, with Foreign Direct Investment (FDI) representing around a third of Gross Fixed Capital Formation UNCTAD (2013). Around half of that FDI involves mining companies, and the rest is invested mostly in non-traded goods. In this paper we focus on mining since we argue that there is a relatively cleaner channel for identification. Below we will discuss two distinctive aspects of our context: type of corporate taxation and time-to-build in mining investments. Foley et al. (2007) argue that part of the additional cash stockpiling in a large sample of U.S. listed multinationals is due to tax reasons. The basic idea is that firms are aware of the tax considerations of repatriation, generating an inaction zone in which MNCs do not want to repatriate dividends even if they are not investing immediately. The integrated tax system in Chile has particularities inducing an investment inaction zone, in which companies save cash out of temporary windfalls, as we explain below. First, all firm owners in Chile, including MNCs, pay (personal) income taxes for their corporate profits only on the amount that is not retained in the company. So the income from corporate sources received by a citizen or a foreign corporation is taxed on a cash basis rather than an accrual basis. Importantly, 8 the corporate income tax paid is a credit for that final income tax paid by citizens of foreign corporations. To be specific, most copper mining companies in Chile are subject to an income tax of 35% for the cash they repatriate to headquarters. So if they generated $100 in profits this year, they needed to pay immediately $19 in corporate taxes (19% rate), meaning they keep $81 after corporate tax. If the mining company chooses to pay out these $81 as dividends to headquarters, then headquarters would receive only $65 (i.e., a 35% overall tax rate for repatriation, to which the 19% was a credit). That would be the best-case scenario assuming that the headquarters'country does not have any additional repatriation taxes. In this context the MNC's CFO is hesitant to repatriate taxes: it would be very costly to bring home $65 if you think there is a chance of investing them later in Chile, instead of keeping the $81 in Chile as cash or investing it in publicly traded securities. Moreover, most mining corporations use an umbrella company as a vehicle for their operations, and the income tax of 35% should be paid only after cash is paid from the umbrella corporation, not the individual mine. This legal adaptation is made under the understanding that copper mining works in a series of subsequent projects, so the large CAPEX of a new project overlaps and smooths taxes of ongoing projects. There are almost no restrictions on the kinds of investments that firms can undertake, also including so called passive investment in other financial securities. This generates further incentives to retain earnings in Chile rather than paying out. In short, this is a specific setting in which multinationals could be holding cash due to tax reasons. While the tax system is quantitatively different for the two mining companies located in Peru, it is qualitatively similar in terms of the incentives to retain cash. 
Taxation

Investment in Copper
Investment in copper takes time both to execute and to be profitable. This is relevant for our exclusion restriction, because what defines the IRR of an investment project is the expectation of long-run prices, not the spot price.
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Copper deposits contain a relatively low concentration of the metal, around half of a percentage point, with most of the rest being unwanted rock and a few byproducts. This means that after mining there is a relevant sequence of stages to increase the concentration of the metal. In particular, producing copper metal has four stages: mining (which produces ores), concentrating, smelting, and refining (which produces pure copper metal). A relevant share of firms in Chile export concentrate rather than final copper cathodes, but these prices are still connected to the LME spot price of copper.
11 Concentration of copper requires significant investments, and the size of these operations usually determines the current capacity of the mine. Building these concentration plants could take one or two years even when the engineering plan is fully ready, as discussed by Burgin (1974) . 12 .
In short, if firms were theoretically informed about a transitory shock to copper prices that would last for a year or two (assuming that signal is possible), then there would be little margin for an investment response. These delays are, therefore, useful for our exclusion restriction that the transitory component of spot prices should not impact current investment beyond its indirect effect on liquidity.
We are not the only ones using copper as a lab for social science. In fact, Slade (2013) tests her options model, arguing "investment in copper mining provides an ideal laboratory in which to test the predictions of the theory of real options with time to build. Indeed, projects are large, prices are highly variable, investment is infrequent, and completion takes several years." For the same reasons this setting can mitigate the endogeneity concerns that are frequent in the cash-flow sensitivity literature.
Overall, we do not pretend that these results are necessarily representative of other industries. Our point is given the taxation and internal dynamics for cash in copper, if our results are not conclusive in this context, then it would be hard to believe that these theories of dynamic cash stockpiling can have traction in other settings where the fundamentals of the business are less conducive to that behavior.
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After this description of the context we now turn to the actual construction of our dataset and later to the estimation of cash-flow sensitivities.
MNCs' copper projects in operation in Chile and Peru during the period 2001-2012. We selected this period given data availability and because it has enough variation in commodity prices. The sample starts a few years before prices start to rise. The total number of mines is N=19, while the total number of observations in the panel is 198. The dataset is comprehensive as it includes all the MNCs and projects in Chile during the analyzed period. It is worth noting that MNCs are responsible for around 50% of copper production in Chile, with the rest being produced by state-owned copper company, CODELCO. The dataset was hand-collected from two public sources: from 2000 to 2006, we relied on the information provided by "Consejo Minero", a mining association whose members are the large mining companies operating in the copper, gold, silver and molybdenum sectors in Chile. "Consejo Minero" collects balance sheet, income statement and production data, among other information, directly from their associates, and then publishes an annual report. Our second source of information is the securities regulator (Superintendecia de Valores y Seguros, SVS, the equivalent of the SEC in the United States). By law, since 2007 MNCs operating in Chile under the DL600 foreign investors tax scheme must report detailed financial information to SVS. It is therefore our main source of information for 2007-2012. As for Chile, for the Peruvian mines we combine data from the securities regulator and individual reports of these companies. Whenever possible we checked the consistency of the two sources in order to avoid potential misreporting. In many cases data were reported in local currency (e.g., millions of Chilean pesos for each year). We deflate and convert the data to real U.S. dollars of 2000, using the corresponding U.S. CPI and end-of-year US dollar/peso exchange rates series when needed. One limitation of a our relatively short panel, at most 12 yearly observations per firm, is that we cannot attempt to exploit the dynamics of the panel to identify lagged effects of investment.
Variables and Descriptive Statistics
Using the information retrieved from MNCs' balance sheets and income statements, and basic accounting identities, we build the variables used in the empirical analysis below. From the balance sheet, total assets (TA) are divided between current assets (CA) and fixed assets (FA). CA and FA are used as dependent variables in different specifications later on. Current assets are later decomposed into cash holdings (CASH), account receivables (AR), inventory (MDS) and other current assets (OCA) in order to track the use of retained cash-flow. We also used as dependent variable the level of MNCs' investment (I). This variable is measured as the change in gross fixed assets plus depreciation. From the income statement, we build our cash flow measures. Cash flow (CF) is straightforwardly defined as earnings/losses plus depreciation. This measure of free cash flow is used to estimate both the cash flow sensitivity of cash and the cash flow sensitivity of investment in our baseline results. Retained earnings (RE) are defined as free cash flows minus dividend payments. Table 1 reports the descriptive statistics of the main variables in the analysis. The variables reported as percentages were scaled by current total assets. In our sample, cash holdings as a stock represents 13% of total assets. This number is large and highlights the importance of understanding this phenomenon. Current assets, a broader measure of liquidity, represent as a stock around a third of total assets, whereas the remaining two-thirds of total assets are fixed assets. When we look at these variables as flows, we observe that changes in cash holdings represent 7% of total assets and current assets are 9% of total assets. Our measure of investment is even larger, reaching 21% of total assets. The volatility of investment, measured by its standard deviation, is quite large (60%), as expected from models of lumpy investment. Free cash flows for these companies are important, averaging 38% of total assets, with a volatility level of 32%. Recall this is a boom. Regarding other control variables, the firm's leverage in our sample is around 40%. Out of this total debt, 40% is short-term debt (15% of total assets), and the remaining 60% is long term (25% of total assets).
Guided by previous literature and data availability we define a set of control variables to be included in our estimations. Our first control is size as logarithm of total assets. One issue with this measure is that over time the size of companies grows with the long-run copper price boom in our sample period, complicating the interpretation of the price coefficient. As a way to ease interpretation of the price we included only the component of (log) size that is orthogonal to long run price. This does not impact the main coefficient of interest, which is that on short-run cash flows. A second standard control is leverage, defined as the ratio of total liabilities and total assets.
Finally, we collect spot and future market prices of copper from Bloomberg. In particular, the spot price corresponds to the annual average of the weekly spot copper prices in the London Metal Exchange, and the futures price is the 27-month rolling forward copper price at the London Metal Exchange. In some specifications we include them as control variables while in others we build a spread (spot price -future price) that we use as instrument in our IV estimations, including also the interest rate as a control to distill expectations of future prices. Figures 2 and 3 in the Appendix show the time series of the spot and future price of copper from 1990 to 2013, as well as spot minus future spread for the same time span. Two features of the spread are worth mentioning: first, it shows considerable variation through time; and second, it shows large swings which can help us as a valid shifter of cash-flows. We will come back to this point in Section 5. Finally, one could argue that long-run expectations might be better proxied by industry experts. Since each firm's estimations of long-run prices is in fact a corporate secret for mining companies, in a robustness check we use the long-run price expectations made by a panel of experts in Chile. This panel is the "Comite Consultivo del Precio de Referencia del Cobre" assembled by the Budget Office. The opinions of these experts are winsorized and averaged, serving each year as input for fiscal planning in Chile. 
Evolution of Asset Composition during a Commodity Price Boom
The phenomenon we study was very important in the Chilean copper industry during the last extended decade. Table 2 shows the evolution of some selected balance sheet components. Among them, the share of cash in total assets almost tripled, with other components of current assets qualitatively mimicking that trend. At the beginning of our sample period, when copper prices were around $1 per pound, cash holdings were in the ballpark of 5% of assets. As copper prices improved, the share of cash became around 15% of balance sheets. As a mirror we observe a decrease in the share of fixed assets. Although fixed assets were growing greatly in absolute terms, their share of the balance sheet decreased from some 85% to only about 60%. Mining became relatively more intensive in cash, and this paper is trying to explore whether this is related to cash flows.
Cash Flow Sensitivities
We study the impact of cash flow shocks on cash holdings and investment using the following baseline model
where y i,t is either investment or the change in cash holdings, current assets or the change in fixed assets of the multinational company i in year t, depending on the selected specification. CF t is the cash flow of the MNC, and our main variable of interest. The estimated coefficient β measures the cash flow sensitivity of y i,t . As a central control we include the logarithm of long-run expectation of the price of copper (P Long t ) in order to control for changes in the future investment opportunity set. Because branches of MNCs in our sample are not publicly listed firms, we cannot approximate this set by Tobin's Q, as is common in the literature. But at the same time we have the crucial advantage of observing one of the most important fundamentals that determine investment: proxies for expectations of long-term prices. Finally, X i,t is a set of additional control variables that can potentially vary by firm and year, such as size and leverage. In some specifications we include additional time-varying controls like Chinese growth and interest rates, among others. Notably, all specifications include a firm fixed effect µ i , aiming to correct for time-invariant unobserved heterogeneity. Finally, u i,t is an unobserved random error term that we cluster at the firm level.
In the instrumented cases, we use z t , namely the spread between the spot copper price and the expectation of the long-run price of copper. The first estimated jointly with equation 1 is then
This aims to capture variation in cash flows CF t that is unrelated to the unobserved term u i,t in equation 1.
First we estimate equation 1 using a panel fixed effect estimator with year fixed effects (OLS-FE) and, more substantially for our purposes, we use an instrumental variable fixed effect estimator (IV-FE). Recall that the equation already controls for long-run price expectations and in some specifications for the interest rate. We argue that this identification strategy is valid since the instrument z t can simultaneously affect cash flows without necessarily affecting the level of investment of the MNCs. In other words, once controlling for long-run profitability due to future prices, the instrument can move the supply curve of cash for internal projects in the firm without moving the set of investment opportunities and without moving the marginal benefits of stockpiling cash for the option of future investment. Regarding cash holdings, the instrumented coefficient β indicates the effect of a shift in the marginal costs of funds without changing the benefits of holding cash.
14 Recall that the IV estimates seek to capture current effects between cash flow and cash holdings, investment, current assets and fixed assets. For robustness, some specifications incorporate single lagged levels of the dependent variable, trying to address the persistence concerns in Gatchev et al. (2010) , but constrained by the context of our smaller N study. Rather than doing something with more lags and structure, we prefer to focus on the current effects, which are certainly not the whole story of cash stockpiling, but it is what we can attempt to identify given our shock.
As outlined above, our main approach for instrumentation assumes that the variation in the spread between spot and forward, once corrected for other factors, represents the additional reward over and above the expectation of prices in the long run. Among the factors to correct is the risk-free interest rate in dollars for the same duration as the forward, which is done in all groups of specifications. Therefore we are implicitly including the convenience yield in the instrumented regression (i.e., spot minus forward minus interest rates), although in a more flexible form. Also, given that we are using forward or long-run prices as a control, we implicitly allow for a more flexible parametrization between this convenience yield and prices. In that context we would be implicitly including all three underlying factors described in Casassus and Collin-Dufresne (2005) for commodity pricing, but with the advantage of allowing the price and the interest rate to appear directly in the second stage regression as well. 15 In the robustness checks we also use some other fundamentals that could potentially be related to time-varying risk premia in commodities such as the Chinese growth rate. In some specifications, controlling for leverage also helps us explore whether it is borrowing rather than own cash savings that generates the additional stockpiling of liquidity. Controlling simultaneously for long-term prices and leverage mitigates the potential two-way causality between long-term profitability and leverage, which is common in the cashflow sensitivity literature. For our empirical strategy this might be less relevant since long-term profitability, which affects the value of mines and their pledgeable income to obtain more leverage, has been econometrically isolated from the current transitory component of cash. It is reassuring that our basic results on cash stockpiling are robust to these various changes. We follow the customary order in the cash-flow sensitivity literature of showing first the results with the complete sample, both OLS and IV, and then focusing on constrained firms, which constitute our main results. Table 3 reports baseline OLS estimates of equation (1) for the full sample of firms. Columns (1) to (6) contain estimates of different specifications for the case in which the change in cash holdings is the dependent variable, while columns (7) to (12) report estimates with investment as the dependent variable. Recall that our focus will be on the estimated β coefficient, cash flow sensitivity, which 15 Some asset price models tend to assume away potentially time-varying risk premia by assuming that traders are fully hedged in their positions and therefore face no risk. That is not always true for producers (as argued by Acharya, Lochstoer and Ramadorai (2013)), which do have meaningful unhedged exposures to the commodity. This is important because if they were fully hedged there would be no impact of surprising portion of the spot prices on cash flows. In econometric terms there would be no significant first stage, which we do have. Also, in conversations with managers in the industry we realized that as much as 80% of the production of some mines is sold in advance, but many times at prices that are defined as a spread over the London Metal Exchange (LME) price, meaning that even if the deals are closed in advance the mines have still a meaningful exposure to LME price fluctuation, consistent with our first stage results. Having said that, our approach is to recognize there might be some other factors moving over time, and we aim to control them in regressions using several time-varying covariates.
Full Sample Results
shows by how much cash holdings (or investment) change by every extra dollar received as cash flow. This dollar-by-dollar interpretation comes from the fact that, as usual, most variables are scaled by last year's total assets. In column (1), the OLS-FE estimate of the cash flow sensitivity of cash is positive but not significant. However, this sensitivity is positive and highly significant in the IV-FE estimates reported in the next five columns, in which the estimated coefficient varies between 0.29 and 0.57. 16 Thus, for each new dollar received as cash flow, around 30 to 50 cents end up as new cash holdings for the firm. The long-term price of copper, P Long t , measured as the 27-month forward price, is negative and significant across models. Given the framework in Section 2 this result is expected since a higher future profitability not only moves the supply of funds within the firm but also generates an incentive to invest today, which reduces current cash holdings. Following Gatchev et al. (2010) , we include a specification with lagged dependent variable, but this variable is not significant. Regarding the other control variables, only size seems to significantly impact cash holdings in the dynamic specification.
When looking at investment's sensitivity to cash flow, we fail to find any significant coefficient across the models. The OLS-FE estimate in column (7) is negative, whereas the IV-FE estimates in columns (8) to (11) are positive and ranging between 0.05 and 0.2. This evidence is consistent with Gatchev et al. (2010) and Dasgupta et al. (2011) that also find smaller effects of cash flow shocks on CAPEX. Regarding the control variables, we do not find many significant coefficients across specifications. For example, all the expected long-run copper price estimated coefficients are significant. In column (12), the lagged CAPEX appears positive and significant, indicating some degree of persistence in the investment dynamic, qualitatively similar to Gatchev et al. (2010) . Overall, for the full sample, we find that cash holdings are to some extent associated with cash flow shocks, but this is not the case with firm investment.
Here it is worth emphasizing why one may not find a very robust effect on investment. First, the lumpy nature of investment makes it harder to find an association. Moreover, when one moves from the aggregate economy to specific firms and projects, as we do here, investment behavior is even more lumpy and therefore finding a robust association might be more difficult (see Caballero, Engel and Haltiwanger (1995) , Caballero and Engel (1999) , Slade (2013) ). A second reason is that CAP EX t measures from the balance sheet may not reflect many activities that for economic purposes could be classified as investments, in the sense that they increase future productivity, but that for accounting purposes the firm prefers to consider as accounting costs due to the benefit of immediate 100% depreciation. Consider, for example, a tunnel that does not create any profits by itself but that connects the operations to new copper deposits in the next few years. This type of "hidden investment" may be captured as smaller cash flows without appearing as CAP EX t . This could be easier to measure as less cash holdings.
Before moving forward, we will make additional clarifications on our IV strategy. First, a potential endogeneity problem arises if the cash flow measure contains information on the profitability of the future investment, as suggested by Kaplan and Zingales (1997) . Second, recall that as instrument of cash flow we use the difference between spot price and forward price, z t , which after controlling for long run prices might be uncorrelated with u i,t in equation 1. This means that z t does not enter directly into the investment or cash holdings decisions through any channel different from the cash flow today CF t . Note that this would be valid after controlling for a set of additional variables such as the long-run cooper price and the interest rate. Third, in the Appendix we report some of the first-stage estimates of the IV-FE model, supporting its use.
Nonetheless, as well known in modern papers on cash flow sensitivity and remarked in Section 2, the predictions are on firms facing some relevant financial constraints or any other substantial gap between internal and external opportunity cost of resources. We focus on this next.
More Financially Restricted Firms
Prior literature suggests that financially constrained firms should act differently than financially unconstrained firms after facing a liquidity shock. For example, the theoretical model in Section 2 predicts that financially constrained firms are more sensitive to cash flow shocks. Similar predictions for investment can be found in Fazzari et al. (1987) , among many others. In this section, we split the sample into restricted and unrestricted firms. We use firm size as the selection criterion.
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In particular, we follow Almeida et al. (2004) , and classify a firm as constrained if it belongs to the three lower size deciles. On the other hand, a firm is classified as unconstrained if it belongs to the three upper size deciles. Given our sample size limitations, we believe this criterion assures that each group of firms contains enough observations for estimation of the system in equations 1 and 2. For space limitations we only report the subsample of constrained firms. Table 4 reports IV estimates for cash flow sensitivities among more constrained firms, with OLS as benchmark. Because our theoretical predictions mostly refer to the behavior of financially constrained firms, these results become the core of our paper. The first set of regressions shows that the cash flow sensitivity of cash is positive and highly significant across specifications. For example, in column (1), the OLS-FE estimate is 0.54 and significant at the 99% level. The IV-FE estimates in the following specifications indicate that around 30-60 cents of each new dollar of cash flows is stockpiled that year. These numbers are slightly above the estimates of a similar specification in Almeida et al. (2004) , but for a sample of manufacturing firms. Regarding the control variables, the long-term copper price is negatively associated with the holding of cash Size is the demeaned natural logarithm of total assets, Leverage is the ratio of total debt to lagged total assets, IntRate is the 3-year U.S.
Treasury constant maturity rate. In the IV estimation method, CF t is instrumented with the spread between spot and forward copper prices. F-test is the first stage's F-test of joint significance. Robust (clustered by firm) standard errors in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.1.
by these firms, similar to the full-sample estimates in the previous table and consistent with our expectations from Section 2. Firm size is positive and significant in columns (5) and (6), and firm leverage is negative and significant in columns (4) to (6). This last effect is explained by an increase in the market value of equity and not necessarily by a reduction in outstanding debt. Finally, the interest rate is negative but only significant in the specification with lagged dependent variable. This is consistent with the idea that higher opportunity cost reduced incentives for saving in cash. The IV's first-stage estimates show a strong positive correlation between our instrument and cash flows. F-test results are almost all above 10, reducing concerns about weak instruments.
For completeness, columns (7) to (12) report the cash flow sensitivity of investment for more constrained firms. As before, the left-hand side variable in specifications is firm CAPEX. The literature either finds a positive or a zero coefficient for cash flow sensitivity of investment. This is what we found in the majority of specifications, although many times not significant. The two exceptions are the OLS-FE estimate in column (7) and the IV estimate in column (9), which had an unexpected negative coefficient. Overall, even though some of the estimates are statistically significant, there is no clear pattern as is the case with cash holdings. A possible explanation for these result could be our small sample, which may interact with the abovementioned lumpiness of investment. Regarding the control variables, the expected long-term copper price is positive and highly significant across specifications. This result provides empirical support to the idea that this price is a proxy for the future investment opportunity set for these firms and that this contains information that is different from our instrumented current earnings, which deal with transitory components. A higher expected future copper price increases the expected profitability of the investment projects, and firms then increase their capital expenses. Firm size appears positive and significant in the last 3 models; and, finally, the lagged dependent variable is negative and also significant, qualitatively similar to Gatchev et al. (2010) . The next version provides a battery of robustness checks for our main results.
Robustness Checks
In this section we will perform several stress tests on our basic results. First, we use an alternative measure of the expected long-run copper price. Second, we use as left-hand side variables the wider definitions of current assets and the change in fixed assets instead of cash holdings and CAPEX. Third, we use an alternative criterion to identify constrained and unconstrained firms, namely the payout dividend policy. Fourth, we investigate whether our main results are driven by the recent financial crisis. Fifth, we run our models in a balanced panel in order to isolate the potential effect of the behavior of young firms on our results. Finally, we add further time-varying control variables to check the robustness of our instrument. Overall, our main results remain robust to most of the perturbations we perform. 
Note:
The table presents panel regression estimates of
where y it is either ∆Cash Holdings t (specifications 1 to 6) or CAP EX t (specifications 7 to 12). CF t is cash flow in t, LT CopperP rice is the 27-month forward price of copper, Size is the demeaned natural logarithm of total assets, Leverage is the ratio of total debt to lagged total assets, and
IntRate is the 3-year U.S. Treasury constant maturity rate. A firm is classified as restricted if it belongs to the three lower deciles according to firm size. In the IV estimation method, CF t is instrumented with the spread between spot and forward copper prices. F-test is the first stage's F-test of joint significance. Robust (clustered by firm) standard errors in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.1.
Alternative Long-Run Price Expectations
While in all groups of our main regressions in Section 5 we controlled for the interest rate, some could still be concerned that a 3-year horizon could be too short to entail a long-term expectation. To address this we repeat our previous analysis replacing the 27-month forward copper price with the long-run price given by the price set by a Committee of Experts of the Chilean Ministry of Finance (see Section 4). The purpose of this committee is to provide an estimate of the price of copper in the next 10 years and use it in the estimation of the government's official budget for the next year. The committee is consulted annually and it is made up of an average of 10 experts. Information on the members of the committee and their estimates is publicly available on the Chilean Ministry of Finance's website, the source we used. In Table 5 , we report the new cash flow sensitivity of cash estimates for the sample of restricted firms. These results are slightly weaker than the main results, but still supporting the fact that restricted firm's cash holdings are sensitive to cash flow shocks. The estimated coefficients are always positive across all models, although significant at usual levels only in models (1), (2) and (4). However, in the remaining columns the cash flow sensitivity of cash's p-values are not that far from being borderline significant: 0.13, 0.15 and 0.17. Perhaps because the committee's price does not represent a market price it may be a proxy with more measurement error, and dilution bias may therefore impede finding significant results. The magnitude of the IV estimates is slightly smaller than the ones obtained using the 27-month forward price (0.3 vs. 0.5, approximately). The alternative long-term price appears negative, as expected, and significant in three out of four models. The significance of firm size is lost, but leverage, as in the main results, is significant. Even though some of the results are statistically weaker, in the majority of cases we still capture the positive association between cash flow and the change in cash holdings for restricted firms. OLS  IV  IV  IV  IV  IV Note: The table presents panel regression estimates of y it = γCF it + βLT CopperP rice t + γX it + µ i + ε it ; where y it is ∆Cash Holdings t . CF t is cash flow in t, LT CopperP rice is the long-term price set by a Ministry of Finance's Comission of experts. Size is the demeaned natural logarithm of total assets, Leverage is the ratio of total debt to lagged total assets, IntRate is the 3-year U.S. Treasury constant maturity rate. A firm is classified as restricted if it belongs to the three lower deciles according to firm size. In the IV estimation method, CF t is instrumented with the spread between spot and forward copper prices. F-test is the first stage's F-test of joint significance. Robust (clustered by firm) standard errors in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.1.
Broader Balance Sheet Components: Current Assets versus Cash
Cash holdings is a common proxy for a firm's liquidity. But a broader liquidity measure may be of interest in the context of MNCs. For example, MNCs may strategically decide reporting less cash in their balance sheet but increase accounts receivable with their headquarters as a way to repatriate liquidity. In this subsection we investigate the robustness of our results to the use as lefthand side variables of current assets and the change in fixed assets instead of cash holdings and CAPEX. Recall that current assets are composed of cash, accounts receivable and others current assets; while CAPEX includes both changes in fixed assets and depreciation. Table 6 , reports our new estimates. Columns (1) to (6) report changes in current assets as the dependent variable, while columns (7) to (12) report the models for the change in fixed assets. The cash flow sensitivity of cash holdings is still positive and strongly significant for all specifications. The estimated coefficients range between 0.35 and 0.90. A permanent profitability shock, measured as the long-run copper price, is negative and mostly significant. Size and the interest rate also appear as important determinants in the specification with lagged dependent variable. Regarding the change in fixed assets regressions, as with CAPEX in Section 5, we fail to find a robust pattern across specifcations. The expected long-term copper price is positive and significant, as in the main results. Size is positive and significant, whereas in the last model, leverage and the lagged dependent variable also appear significant. Overall, our main message remains: for financially restricted firms, current assets are strongly associated with cash flow shocks.
Alternative Measure of Financial Constraints
Following Almeida et al. (2004) , among others, we also use an alternative criterion for classifying firms as financially constrained: a firm is financially unrestricted if it paid dividends this year, and restricted otherwise. Table 7 reports estimates for restricted firms. Note that, according to this criterion, more firms are classified as restricted, and as a consequence the number of observations almost doubled. Nonetheless, the results are quite similar to those reported using size as classification criterion. The cash flow sensitivity of cash is positive across models, and significant in four out of six models. The point estimates for models without lags range between 0.4 and 0.8. It is reassuring again that in this sample the future price is negative and mostly significant. The F-tests are around and above 10 in most of the specifications, reducing concerns about weakness. 18 The results for investment sensitivity differ to some extent from the baseline results. Now, the cash flow sensitivity parameter is not significant in any model. Indeed, none of the remaining control variables appear significant, with the exceptions of the long-run copper price and the lagged dependent variable in column (12). Again, we confirm that using an alternative firm classication criterion our main results in Section 5 still hold.
Great Recession
The 2008-2009 financial crisis and recession spread around the globe, also impacting our sample of commodity MNCs: the price of copper dropped by around 60% during the crisis period. In this subsection, we investigate the extent to which our results could be driven by the effects of the crisis on these companies. In particular, we address this issue by incorporating a dummy variable that takes the value of one during 2008 and 2009, and zero otherwise. Our results are reported in Table 8 . We confirm the robustness of our baseline results. The cash flow sensitivity of cash holdings is highly significant in all but the model with lagged dependent variable, which 
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where y it is ∆Cash Holdings t . CF t is cash flow in t, LT CopperP rice is 27-month forward price of copper, Size is the demeaned natural logarithm of total assets, Leverage is the ratio of total debt to lagged total assets, IntRate is the 3-year U.S. Treasury constant maturity rate and Dummy2008 − 09 is a dummy variable that takes the value of 1 in years 2008 and 2009 and 0 otherwise. A firm is classified as restricted if belong to the three lower deciles according to firm's size. In the IV estimation method, CF t is instrumented with the spread between spot and forward copper prices. F-test is the first stage's F-test of joint significance. Robust (clustered by firm) standard errors in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.1.
Project Life Cycle
A potential concern with our basic set of results is that the mines in our sample may be at different stages of development. Some projects may be starting, while others are at advanced stages, and the composition effect may be generating our estimated cash flow sensitivities. To address this issue, we re-run our baseline regressions with a balanced panel in order to work with a set of more mature companies. In practice, we use mines reporting total assets during the full sample period: 2001-2012. Table 9 shows that the robustness check results are stronger and aligned with baseline results, with the cash flow sensitivity of cash being positive and significant across models. The point estimates varies between 0.29 and 0.60. The control variables tend also to appear more significant in these regressions than in the baseline regressions. In sum, our baseline results become stronger if we restrict our sample to a constant set of companies. OLS  IV  IV  IV  IV  IV Note: The table presents panel regression estimates of y it = γCF it +βLT CopperP rice t +γX it +µ i +ε it ; where y it is ∆Cash Holdings t . CF t is cash flow in t, LT CopperP rice is 27-month forward price of copper, Size is the demeaned natural logarithm of total assets, Leverage is the ratio of total debt to lagged total assets and IntRate is the 3-year U.S. Treasury constant maturity rate. A firm is classified as restricted if belong to the three lower deciles according to firm' size. In the IV estimation method, CF t is instrumented with the spread between spot and forward copper prices. The sample is restricted to those firms reporting total assets during the full sample period. F-test is the first stage's F-test of joint significance. Robust (clustered by firm) standard errors in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.1.
Additional Controls and Results
Another potential concern with our basic specification is that any time-varying effect is only captured by the long-run copper price and the interest rate. If any other important time-varying variable is omitted, our results may be biased. To mitigate this concern we include two additional control variables: China's GDP growth rate and a global commodity price index, taken from the IMF's International Finance Statistics and the IMF's Primary Commodity Prices, respectively. In particular, we use the commodity metal price index as our global commodity index. In Table 10 we report our results. The estimates are not particularly affected by the inclusion of these additional control variables. The cash flow sensitivity of cash estimates are positive and significant across models, ex-cept for the model with lagged dependent variable, which again, cannot be directly compared. The estimated coefficient ranges between 0.5 and 0.7, slightly above the baseline estimates. Overall, our baseline results are robust to the inclusion of additional time-varying control variables. OLS  IV  IV  IV  IV  IV Note: The table presents panel regression estimates of y it = γCF it + βLT CopperP rice t + γX it + µ i + ε it ; where y it is ∆Cash Holdings t . CF t is cash flow in t, LT CopperP rice is 27-month forward price of copper, Size is the demeaned natural logarithm of total assets, Leverage is the ratio of total debt to lagged total assets, IntRate is the 3-year U.S. Treasury constant maturity rate, GDP China t is China's GDP growth rate and Commodity Index t is the IFS's global (metal) commodity index. A firm is classified as restricted if it belongs to the three lower deciles according to firm' size. In the IV estimation method, CF t is instrumented with the spread between spot and forward copper prices. F-test is the first stage's F-test of joint significance. Robust (clustered by firm) standard errors in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.1.
Concluding Remarks
This paper explores how branches of commodity multinationals save liquidity. In particular, we built a sample of non-publicly traded copper mines located in Chile and Peru between 2001-2012. As identification strategy for investment and cash responses to earnings we benefit from the fact that investment decisions depend on expectations of the long-run price of copper, while cash flows depend on the spot price. Our multiple specifications and robustness checks show that cash stockpiling is one important use of cash flow. In our preferred empirical models, out of an extra dollar in cash between 20 and 50 cents end up as extra cash, especially among financially constrained firms. Overall, during this commodity boom cash holdings tripled their share of assets. In sum, our results support financial theories noting the salience of cash as buffer stock for liquidity (e.g., Almeida et al. (2004) ), especially in contexts where projects have time to build and also when repatriation and corporate taxes segment the different cash stockpiles of multinationals' branches. From a policy perspective our paper suggests that mining multinationals in a country are a pool of complex liquidity management, especially when access to external finance of these companies is relatively weaker, either because of market conditions or agency problems within the multinational.
Changes in the taxation of profits, for example moving from a cash basis to an accrual basis as recently done in Chile, may impact savings and stockpiling decisions of foreign corporations and the Balance of Payments. A similar change could happen with any other determinants of the costs and benefits of holding cash, including the massive drop of copper prices during late 2014 and early 2015. Last but not least, we remark that, although reinvestment of multinationals' earning is considered a Foreign Direct Investment in the Balance of Payments, here we show that at least in the short run a significant share of it does not constitute new investment in the National Accounts, since it remains in cash rather than fixed assets. A recent paper of the authors Hansen and Wagner (2015) studies the macroeconomic implications of this phenomenon. Note: Regressions show estimations of panel regression CF it = γspread t + βX it + µ i + ε it ; where CF it is the Cash Flow in t, spred is the difference between the 27-month forward copper price and the spot copper price, LT CopperP rice is 27-month forward price of copper, Size is the demeaned natural logarithm of total assets, Leverage is the ratio of total debt to lagged total assets, IntRate is the 3-year U.S. Treasury constant maturity rate. The sample is restricted to those firms in the three lower deciles when sorted by firm size. F-test is the first stage's F-test of joint significance. Robust (clustered by firm) standard errors in parenthesis: *** p < 0.01, ** p < 0.05, * p < 0.1.
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